Introduction

32
Molecular noise is ubiquitous in biological systems (1--7) and originates from two distinct sources (8--11) . 
55
At the root of heterogeneity lies the question, how can extrinsic noise be produced? Sources of extrinsic 56 noise have been extensively characterized at the transcriptional level (5, 15, 20, 23, 34--41) , and recent 57 advances of single cell transcriptomics by RNA--seq have contributed to consolidating that view (42, 43 
67
More generally, entire classes of proteins can be subject to strict post--transcriptional regulation (49--51).
68
For example, Gsponer et al. observed across several species that proteins rich in disordered regions are 69 tightly regulated throughout their lifetime, from transcript synthesis to protein clearance (50).
70
The fact that post--transcriptional regulation mechanisms play a major role in cellular circuits prompts us 71 to ask whether they represent a source of extrinsic noise on top of transcription. For example, if a 72 protein requires a specific factor to be degraded, the fluctuations in the abundance of the protein will be 73 coupled the fluctuations of the degradation factor.
74
To evaluate whether post--transcriptional processes can impact fluctuations of protein abundance in 75 single cells, we compared fluctuation patterns of fluorescent proteins in presence or absence of 76 sequence tags inducing either decreased translation rate or increased degradation. We used a two--color 77 reporter strategy (8, 9) to quantify the extent of change in extrinsic noise caused by the sequence tags 78 (Fig  1) . We observed that decreased translation rate did not significantly impact extrinsic noise despite 79 inducing a 3--fold reduction in protein abundance. Increased degradation, however, which was triggered 80 by a misfolded polypeptide tag, caused a dramatic change in the pattern of cell--to--cell fluctuations. (Fig 1B) . In a first experiment, we fused an amino acid sequence at the C--terminus of RFP, 132 which contained seven repeats of "CTT," a leucine codon with low tRNA adaptation index in S. cerevisiae
133
(52) (Methods, Text S2). We call this sequence a "translation bottleneck" (tb) and use RFP--tb to refer to 134 this variant of RFP. As expected by design, the average cellular abundance of RFP--tb was lower than that 135 of untagged RFP, by ~3--fold (Fig 2) . Interestingly, the correlation remained close to the original value 136 (R=0.79), indicating that fluctuations were not affected by the translation bottleneck. The total noise for 137 RFP--tb was comparable to RFP ( !"! ! =0.039 and 0.032 respectively, Fig 2C) . Overall, the similarity in 
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We performed the same measurements using a different promoter and observed similar results: the
In another control, we swapped 159 fluorescent reporters, using YFP--misP together with RFP, and we observed similar results. The 160 correlation vanished (R < 0.1), and the total noise increased due to the misP tag ( 
. ( 
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Numeric simulations confirm the coupling between protein production and degradation in single cells.
233
To confirm that coupling between production and degradation leads to decoupling between passively--234 degraded (YFP) and actively degraded proteins (RFP--misP) we simulated the stochastic variability of 235 proteins using the Gillespie algorithm with rate constants determined to yield average mRNA and 236 protein copy numbers matching those of the literature (Fig 4A, Methods) proteins. Finally, one thousand of these simulations were performed to obtain cell population statistics.
242
We implemented two models of protein degradation. First, degradation rates were normally distributed 243 across cells but were identical for YFP--misP and RFP--misP within cells. This simulates extrinsic noise in 244 protein degradation. As expected, such cell--specific degradation rates reproduced the correlation 245 between RFP--misP and YFP--misP observed experimentally (Fig  4B,  model  1 
250
We thus sampled values of k5 such that, on average, the correlation between log(k 2 ) and log(k 5 ) would 
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Interaction between protein degradation and protein production. Modeling the experimental data 328 suggested a connection between the rates of protein production and degradation (Fig  5) 
334
Our data imply a similar linkage between production and degradation at the protein level. However, 335 because untagged proteins are not subject to rapid degradation despite having the same promoter 336 region as tagged proteins, the coupling between production and degradation is unlikely to involve a 337 signal associated with the mRNA. The underlying mechanisms must thus be different from those 338 described above. We hypothesize that the production--degradation linkage we observed reflects a more 
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